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Some background, relevant results & motivation
Academic background

Å Applied mathematician (Dublin, Ireland). 

Å Completed honours year in General Relativity. 

Å Began PhD (University of South Australia) July 2016 and expect to finish early ςmid July 2019. 

Å Member of Research program 3 for Space Environment Research Centre, Canberra.

Å Primary interests in relativistic mechanics in the post-Newtonian approximation for general relativity.

Energy Integral όhΩ[ŜŀǊȅΣ Iƛƭƭ ϧ .ŜƴƴŜǘǘΣ нлмуύ

Some published results relevant for talk

Post-Newtonian orbit equation όhΩ[ŜŀǊȅ ϧ IƛƭƭΣ нлмуύ
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Using                  , the  exponential functions can be expanded using Taylors series approximation and produce 
known and well established results, namely 

Both results can be seen as a formal extensionof the classical Newtonian conservation of energy to include PN 
contributions.

Some background, relevant results & motivation
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Post- Newtonian BinetŜǉǳŀǘƛƻƴ ό hΩ[ŜŀǊȅ ϧ IƛƭƭΣ нлмуύ 

Taylor series

Which orbit equation more closely resembles 
full non-linear GR?

Non-linear orbit equation GR

Some background, relevant results & motivation
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Gravity Field determination

Taken some inspiration from 

ÅOn the principles of satellite-based Gravity Field Determination with special focus on the Satellite Laser 
Ranging technique (Förste, König, Bruinsma, Lemoine, Dahle, Reinquinand Flechtner) (IWLR 2016)

ÅGravity Field Analysis from the Satellite Missions CHAMP and GOCE (Martin K. Wermuth) (PhD thesis, Institut
fur Astronomischeund PhysikalischeGeodasie)

ÅGravity: Newtonian, post-Newtonian, Relativistic (Poisson & Will, 2014)

ÅSatellite Orbits: Models, Methods, Applications (Montenbruck, Gill, 2012)

Å International Centre for Global Earth Models (ICGEM) (Barthelmes& Köhler, 2016)

ÅDefinition of the functionalsof the geopotential and their calculations from spherical harmonic models 
(Barthelmes, 2013)

ÅCHAMP gravity field recovery with energy balance approach: First results (Gerlach, Sneeuw, Visser, Svehla, 
2003)

Å!ƴ ŀǇǇƭƛŎŀǘƛƻƴ ƻŦ WŀŎƻōƛΩǎ ƛƴǘŜƎǊŀƭ ǘƻ ǘƘŜ Ƴƻǘƛƻƴ ƻŦ ŀƴ ŜŀǊǘƘ ǎŀǘŜƭƭƛǘŜ όhΩYŜŜŦŜΣ мфртύ
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Gravity Field determination ςPotential theory 
Two methods used for decomposition of the Earth gravitational potential given by:

Å Spherical harmonic expansion.
Å Symmetric trace-free tensors (not as common in classical literature. However, useful mathematical tool).

Spherical Harmonic decomposition
Newtonian gravitational potential for arbitrary mass distribution 

Legendre polynomial generating function given by 

Introducing spherical polar coordinates and making use of the addition and Rodrigues formulae. We express 
the potential in well known form according to    
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Gravity Field determination ςPotential theory 

Represents an Earth gravity field model of maximum degree     . The accuracy depends on the determination of 
the spherical harmonic coefficients highlighted in red.

Examples of different kinds of spherical harmonics 

Zonal Tesseral Sectorial


